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Introduction
Relic shrines containing human remains have rarely been studied (1–
5), usually only when restoration has been necessary. Such investiga-
tions were previously restricted to art historical aspects, sometimes 
including counting and rough identification of bones. The study of 
relics is still of marginal interest to the life sciences because authori-
zation for research is rarely granted by the church institutions, who 
fear the exposition of forgeries (6) or damage to the objects (7).
A special category of relics are jeweled skeletons originally deriv-
ing from the Roman catacombs. The catacombs of Rome were used 
as underground burial places for the first Christians in Late Antiquity 
(the 2nd through 7th centuries). After their rediscovery in 1578, the 
remains of hundreds of individuals, assumed to be early Christian 
martyrs, were excavated and sent to Roman Catholic churches and 
monasteries in German-speaking Europe (8–10). After their arrival 
in Switzerland, Austria, Hungary, and Southern Germany in the 17th 
and 18th centuries, these skeletons were newly assembled and lavishly 
decorated by the nuns of local monasteries before being displayed in 
a parish church. These so-created catacomb saints were intended to 
replace relics that were lost in the Protestant Reformation.
The goal of this study was to examine two catacomb saints from 
Switzerland with conventional radiographic imaging and minimally 
invasive techniques to test their authenticity. In this case, authentic-
ity means that the remains actually originate from the late antique 
Roman catacombs and were not recovered from local medieval or 
modern cemeteries for the manufacture of a forgery.
Radiography allows noninvasive and hence nondestructive inspec-
tion of elements under soft tissues, textiles, and jewelry and is com-
monly performed on mummified remains (1,11–15). Mobile projec-
tional radiography was the method of choice to determine the relics’ 
authenticity, as the entire assemblages were too large and fragile for 
conventional computed tomography and hence required a technique 
without major displacement of the objects. Radiography is widely used 
and accepted by art historians, archaeologists, curators, and conser-
vators, as this method enables information about the manufacturing 
process, compositional changes, and the condition of an object with 
minimal direct physical contact with the artifact itself (16–18).
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viewer. In their hands they hold a palm frond 
and a sword as signs of their endured martyr-
dom (Fig 2). They are dressed up in contem-
porary padded robes like a Roman legionnaire 
(Saint Candidus) and a baroque angel (Saint 
Clare) and are entirely covered with monastic 
handicrafts made of glass, silver, and gold wire. 
A small reliquary is attached to the backboard of 
the shrines and contains objects found with the 
remains in the catacombs.
Investigations of the Saints
Radiographic Imaging
Our radiographic investigation of the shrines took 
place in May 2013 at the museum. Both relics 
were scanned with transportable industrial ra-
diographic equipment (Seifert Eresco 42 MF3.1, 
General Electric Measurement and Control, 
Billerica, Mass) in anteroposterior projection 
(inherent filtration, 0.8-mm-thick Be) (Fig 3). A 
single exposure of each full body was performed, 
as well as a separate radiograph of the head. As it 
was not possible to move the remains within the 
shrines, they were left in their original position 
and depicted in three-quarter view. The x-ray tube 
was placed at a distance of 240 cm from the film, 
which was attached to the shrines’ backboard. 
The depicted objects were approximately 40 cm 
away from the film. The scanning parameters were 
as follows: raw data acquisition, 45 kV for Saint 
Clare and 60 kV for Saint Candidus, 900 mAs, 
and image processing, Structurix Rollpac D4DW 
(Agfa, Mortsel, Belgium), Structurix NDT-M 
(Agfa), 28°C, 1.5-minute immersion. Due to 
the limited size of a single sheet of x-ray film, the 
general view of the shrine’s content was projected 
onto three sheets of film, 35 × 240 cm each, 
placed one above the other to cover the whole 
area behind the shrines. It was due to the en-
larged size of the radiographs that the x-ray films 
This approach superseded the removal of the 
relics from their shrines and allowed the iden-
tification of various manipulations since their 
recovery from the catacombs. It also permitted 
the assessment of the state of preservation and 
manner of assembly of the bones. Furthermore, 
the individuals’ sex and age at death were able 
to be determined.
Considering the scientific-anthropological ap-
proach used, this study is special in research on 
catacomb saints, although historical and eccle-
siastical research on catacomb saints has a long 
tradition in Switzerland (8,9,19,20). Further 
importance lies in the critical evaluation of the au-
thenticity of the relics. Important insights into the 
origin, history, and treatment of these remains are 
gained. Even if all historical contexts are lost or 
if human remains have been relocated or reused 
in later times, relics can still be important sources 
of information about individuals and later venera-
tion practices.
Catacomb Saints  
from a Museum Collection
The Historical Museum Blumenstein in Solo-
thurn, Switzerland, houses two catacomb saints, 
Saint Candidus and Saint Clare, each of them 
displayed in a baroque shrine lined with draper-
ies and cushions and closed at the front side with 
glass panes. The reliquaries had been displayed on 
the side altars of the monastery Name of Jesus in 
Solothurn for approximately 220 years (21,22). 
According to the accompanying certificate (Fig 1) 
issued by the vicar general under Pope Benedict 
XIV, the bones of Saint Clare were collected in the 
Priscilla catacombs in Rome in 1747 and arrived 
at the monastery in January 1753. There is no his-
torical information about the provenance of Saint 
Candidus’ bones.
The skeletons are presented in a typical 
reclining pose, their skulls turned toward the 
Figure 1. Certificate of authentication of 
Saint Clare. Once extracted from the Pris-
cilla catacombs, the bones were taken to 
the Apostolic Sacristy for authentication 
by Joseph Vignoli, the cardinal vicar under 
Pope Benedict XIV, in December 1747. 
On the back it is written and sealed that 
the relics left Rome on October 4, 1752.
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Figure 2. The catacomb saints Saint Candidus and Saint Clare from the collection of the Historical Museum Blumenstein in Solo-
thurn (Switzerland). (a) Detail of the shrine of Saint Candidus. The catacomb saint is presented in a typical reclining pose with the 
skull turned toward the viewer. He is dressed in padded robes and adorned with monastic handicrafts and beads. Palm frond, laurel 
wreath, halo, and sword are placed on his body as signs of his martyrdom. The bones are wrapped in gauze. (b) Saint Clare in her 
shrine. The catacomb saint is dressed like a baroque angel holding a sword and a palm frond. A laurel wreath is placed on her head 
and a halo looms above her.
fication of the bones of unknown extent (29), we 
refrained from estimating body height.
Radiocarbon Dating
Sampling was limited to bone material and to a 
single sample per individual for conservational 
reasons. From Saint Candidus, a sample from the 
right radius was taken, and the right first rib was 
retrieved from Saint Clare.
Radiocarbon dating was performed at the De-
partment of Geography at the University of Zurich. 
The samples were chemically pretreated, burned 
in sealed quartz-glass ampules, and the resulting 
carbon dioxide gas was converted to graphite. The 
isotopic content of this graphite was measured 
using accelerator mass spectrometry at the ETH 
Laboratory of Ion Beam Physics. The results were 
were photographed with a Cyber-shot camera 
(Sony, Tokyo, Japan) to digitize the images. These 
images were not further edited.
Morphologic- 
Anthropological Investigation
Skeletal representation and features for sex and 
age estimation were evaluated macroscopically 
and on the basis of the x-ray images, following 
common anthropological methods (23–28). Ow-
ing to the superimposition of textiles and metallic 
objects, anatomic areas less frequently studied in 
physical anthropology had to be used for sex and 
age estimation. Consistency of examination results 
between the visual inspection and x-ray assessment 
was required. Due to the distortion of the images 
through the x-ray exposure and a resulting magni-
Figure 3. Placing the por-
table x-ray tube head in 
front of the shrine of Saint 
Candidus.
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subpubic angle of the pelvis observed on the x-ray 
images indicates the same. Sex determination by 
the skull and pelvis was therefore consistent and 
suggests that the individual is male.
Age estimation was on the basis of the matura-
tion of the bones and dental wear. As seen on the 
x-ray images, all epiphyses were completely fused. 
The cancellous bone structure of the proximal 
femoral epiphysis was only marginally degener-
ated (23). By visual inspection, dental wear was 
identified to be moderate, as the enamel cusps 
are still visible (28). The age at death was esti-
mated to be 20 to 40 years of age.
The skeletal elements showed no signs of al-
teration due to diseases as far as was observable. 
The second upper-right premolar was lost during 
the lifetime and was replaced by a false stone 
tooth for display.
Radiocarbon dating revealed that the sample 
was from the period 259–415 ad (2-s significance, 
calibrated).
Saint Clare
Construction and preservation details were 
obtained by visual examination and radiographic 
imaging. Saint Clare was represented by skeletal 
elements from the upper and lower extremi-
ties, the pectoral and pelvic girdle, the thoracic 
Figure 4. Plain x-ray images of the catacomb 
saints in their shrines. (a) Shrine of Saint Candidus 
in anteroposterior projection. Easily recognizable 
are the halo, the palm frond, the corselet, and the 
sword. The bones are placed in correct anatomic 
position and held together by a metal rod-and-
frame construction. (b) Shrine of Saint Clare in an-
teroposterior projection. The bones are placed in 
correct anatomic position, assembled together by 
a metal rod-and-frame construction. The examina-
tion of the bones was constrained by the overlap of 
textiles and jewelry.
calibrated using OxCal version 4.2.3 (Oxford 
University, Oxford, England) (30,31).
Whose Bones Were Used?
Saint Candidus
Radiography revealed considerable information 
on the construction and preservation of each 
catacomb saint. Saint Candidus was represented 
by bones of a nearly complete skeleton. Some 
smaller bones (eg, phalanges from hand and foot) 
were replaced by wooden imitations. A metal 
frame construction formed the scaffold of the 
skeleton (Fig 4a). Wires connecting the proximal 
and distal parts of the bones were attached to this 
frame. An iron rod attached by a screw thread to 
the calvaria connected the skull with the thorax. 
The bones were placed in anatomically correct 
positions, including their laterality (Fig 4a). The 
right elbow and the left knee revealed that the 
joints are not articulated. No supernumerary 
bones were observed, and all were similar in size 
and maturation.
Although the visual sex determination was 
performed on the skull, radiography additionally 
allowed assessment of the pelvis. The skull features 
(eg, pronounced mentum, everted gonion, high 
cheek bones) point toward male sex, and a narrow 
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cage, and the head (Fig 4b). Except for some 
ribs and smaller hand and foot bones, the bones 
represented an almost complete individual. The 
scaffold of the skeleton was identical to that 
of Saint Candidus. The position of the bones 
followed the human anatomy and laterality. No 
supernumerary skeletal elements were present in 
the remains, and all resembled each other in size 
and maturation.
As the pelvis was covered by opaque jewelry, 
sex determination was performed only on the 
skull. The chin and orbital outline are rounded. 
In addition, the bones of Saint Clare are more 
gracile than those of Saint Candidus. Those 
characteristics suggest that the individual is prob-
ably female. The complete fusion of all epiphyses 
was observed on the x-ray images. Therefore, the 
bones are full-grown. All third molars were pres-
ent. Only the lambdoid suture could be evalu-
ated: In the radiography, it appears to be not yet 
ossified. All these indicators suggest an adult age 
of between 20 and 40 years at death. No signs of 
pathologic alterations on the long bones were ob-
served. The dentition showed severe caries in the 
upper-right first premolar and molar. Only tooth 
stumps remain from these teeth.
According to the radiocarbon dating, the 
sampled bone dated to 128–315 ad (2-s signifi-
cance, calibrated).
Saintly  
Authenticity Reviewed
Visual inspection and radiography joined their 
forces in the appraisal of the construction and 
preservation of the catacomb saints. Considering 
their recovery, transportation, and manipula-
tion, the bones of both relics were in remarkably 
good condition. Compared with other catacomb 
saints (2,3), both individuals consisted of nearly 
complete skeletons. The bones were consolidated 
and protected from moisture by several layers of 
gauze glued on the bone surface. The abundant 
use of wires wound around the proximal and 
distal parts of the bones, which were later cov-
ered by textiles, proves that the greatest emphasis 
was put on the outer appearance rather than on 
skilled craftsmanship. However, the joints were 
aligned in such a way that they replicated actual 
human postures. The ability to present a com-
plete corpus gave the relics impressive character 
that is unprecedented. The effect was intensified 
by the presentation in a lavishly decorated shrine 
lined with velvet draperies and cushions. Radi-
ography confirmed that the monastic handicrafts 
attached to the shrine’s draperies and saints’ 
clothes were made from different materials, as 
deduced from their opacity. Glass gems, gold and 
silver filigree wires, sequins, and embroideries 
can be distinguished. Further information on ma-
terials and manufacture has to be gained through 
visual inspection. For example, the accompanying 
items (eg, swords, corselet) predate the relics’ as-
semblage in the 18th century and were reused for 
the purpose of the remains’ embellishment.
A surprising result of the radiography, albeit 
one that has been observed in other cases as well, 
was the placement of the bones in anatomically 
correct position (further examples in Koudou-
naris [3]), although the joints are now disarticu-
lated. This implies a certain anatomic expertise of 
the nuns who assembled the remains. It remains 
unclear if they sought help from physicians and/
or books.
A major limitation of the study was that the 
in situ contexts of the remains were no longer 
preserved. It is possible that the bones originally 
belonged to several individuals and were only 
pooled together for display. Radiography permit-
ted exclusion of this possibility: As no super-
numerary bones could be observed in either of 
the individuals and the bones resembled each 
other in size, maturation, and color, the skeletal 
elements for each of the saints probably derived 
from single individuals. Consistent sex determi-
nation on the skull and pelvis of Saint Candidus 
further supports this assumption. However, some 
smaller bones went missing during extraction 
or transport and were later replaced by wooden 
imitations. To conclude, the skeletons were most 
likely packed into boxes right after removal from 
their graves, presumably in the catacombs, and 
then transported to Switzerland, so that com-
mingling was unlikely to have occurred. Only 
systematic sampling for ancient DNA analysis 
and comparison of all bones of each individual 
could dispel any remaining doubt. This applies to 
the sex determination, as well, which was limited 
in this study to morphologic evaluation.
Evaluating features on radiographic images 
is challenging, as the latter are superimposed 
two-dimensional representations of a three-
dimensional object, and as such they are limited 
in providing exact depths and locations of the 
internal structures. We attempted to orient the ra-
diation source, the shrines, and the x-ray films in 
a way that reduced distortion of the images. The 
x-ray radiation was mainly absorbed by the metal 
construction elements or decorations that largely 
superimposed skeletal features. To overcome the 
difficulties of age and sex estimation, a combina-
tion of both visual and radiographic assessment 
was performed. Radiography increased the num-
ber of evaluable features, even though the lack of 
knowledge of the population’s morphologic char-
acteristics and age-related degeneration processes 
hampered the estimations.
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Tracing the historic identity of the individuals 
was even more challenging. Although the attri-
bution of skeletal remains to a certain historical 
person of religious importance is always question-
able, this is particularly true for remains from the 
Roman catacombs. As Johnson (10) pointed out, 
it was a de facto assumption in the 17th and 18th 
centuries that every bone found in the catacombs 
belonged to a martyr. Due to their late antique 
dating and Christian beliefs proved by inscriptions, 
paintings, or grave goods, the skeletons from the 
catacombs were thought to be those of martyrs. 
Venerating them as saints was a fictitious creation 
of the Roman Catholic Church as an attempt to 
replace the relics that were destroyed during the 
Protestant Reformation. Given the exploding 
number of new saints whose remains were vener-
ated in German-speaking Europe, it is obvious 
that most of them must have been simple Chris-
tians without major religious importance. How-
ever, it must be noted that the radiocarbon date 
for the catacomb saint Candidus roughly matches 
the data available for the historical Candidus, who 
died in ad 287 as commander of the Theban 
Legion. But as his mortal remains are thought to 
have been recovered in Saint-Maurice, canton of 
Valais, Switzerland, where his calvaria is still on 
display in a bust reliquary (32), it is very unlikely 
that the catacomb saint could be identified as the 
historical Saint Candidus. Historical authenticity 
is even more unlikely for the remains of the pre-
sumed Saint Clare. The historical Clare of Assisi 
lived in Italy during the 13th century and founded 
the Order of Poor Ladies, to which the monastery 
“Name of Jesus” in Solothurn belongs. Due to 
their dating, the investigated remains cannot be 
those of Clare of Assisi. The monastery in Solo-
thurn probably received relics bearing the name of 
their patron to pay tribute to her and to increase 
the local appeal of the new catacomb saint (3).
Saintly authenticity can be excluded insofar 
as the investigated bones do not belong to the 
historic canonized saints Clare and Candidus. 
However, radiocarbon dating proved at least the 
late antique dating of parts of the skeletons. Due 
to the certificate that should have attested their 
saintly authenticity, a Roman origin of the relics 
can be assumed. The late antique period coin-
cides with the time when the Roman catacombs 
were used by early Christians for burial. Given 
the vast dimension of the catacombs and their 
continued use between the 2nd and 5th centu-
ries ad (33,34), it is not surprising that the two 
individuals differ slightly in dating.
Conclusion
This study highlights the merits of scientific 
investigations of bone material from reliquaries 
to test their authenticity and to uncover informa-
tion about the people behind them. It brought 
new insights into the origin of a specific group of 
Roman Catholic relics, the so-called catacomb 
saints. The radiographic investigation revealed 
that detailed anatomic knowledge and skilled 
craftsmanship were applied in assembling the 
bones to whole-body relics. It further enabled 
sex and age determination. By radiocarbon 
dating, the late antique origin of the bones was 
confirmed.
To sum up, testing the saintly authenticity 
of the relics of Saint Candidus and Saint Clare 
revealed that even though the individuals cannot 
be the historical canonized saints, the catacomb 
saints are possibly authentic when referred to 
their origin, integrity, sex, and dating. The inves-
tigation verified the authenticity of the relics as 
historic artworks.
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